~" The clinical, radiological, and histopathological features of 21 cases of angiographically occult intracranial vascular malformations (AOIVM's) are analyzed, and a review of 241 additional appropriately documented, histologically verified cases collected from the literature is presented. In all, there were 115 (43.8%) arteriovenous malformations, 82 (31.2%) cavernous angiomas, 26 (9.9%) venous angiomas, 10 (3.8%) cases of capillary telangiectasis, and 29 (11%) mixed or unclassified angiomas. The result of the analysis shows that there are no essential differences in the patterns of clinical presentation, the computerized tomography (CT) appearance, or the surgical prognosis among these pathological types of vascular malformations. Certain histological features common to all AOIVM's (such as the small caliber, the more or less complete thrombosis of the malformed vessels, and the changes induced in the surrounding brain tissue by repeated microhemorrhages) seem to determine the biological behavior of the anomaly rather than the predominant type of vessel involved. Thus, subdivision of AOIVM's into the four classical pathological types has little practical value.
THE
term occult intracranial "angiographically vascular malformation (AOIVM) may be applied to a group of intracranial vascular hamartomas (arteriovenous, cavernous, venous capillary, or mixed) which are not visualized by serial cerebral angiography. 9 ' 10,12,15,19,34' 35,39 ' 50,55' 75' 109 When cerebral angiography was first introduced, it was thought that this diagnostic method would visualize all intracranial vascular malformations. 7~ However, AOIVM's have occasionally been found in patients operated on for spontaneous brain hematoma, 18 ' 93 since the early 1 950's. The extensive use of computerized tomography (CT) for the study of patients with cerebrovascular disease and epilepsy has led to increased recognition of AOIVM's.9" ~ o, 12, 19, 21, 34, 39, 49, 50, 55, 58, 96 , I00, I01,109,1 I I, 118 A review of well-documented cases of AOIVM is currently needed to infer their incidence, the patterns of clinical and radiological presentation, the surgical prognosis, and the best form of treatment, and to determine whether or not the four different pathological types classically described (that is, arteriovenous, cavernous, venous, and capillary telangiectasis) have a consistently distinct clinical profile. For this purpose, we have analyzed a personal series of 21 cases of AOIVM treated between 1977 and 1986 (most patients were operated on by one surgeon, R.D.L.). We also review 241 appropriately documented, histologically verified cases collected from the literature. 
Summary of Cases
The clinical, radiologicat, and pathological findings in our series of 21 patients are summarized in Table 1 . There were 13 (62%) males and eight (38%) females, * AVM = arteriovenous malformation; VA = venous angioma; CA = cavernous angioma; CTel = capillary telangiectasia; CSF = cerebrospinal fluid.
~" CT = computerized tomography. The results given in parentheses are those obtained after contrast enhancement.
with ages ranging from 8 to 64 years (average 34,3 years). Sixteen (76%) of the AOIVM's were located supratentorially (nine in the left hemisphere, five in the right hemisphere, one in the third ventricle, and one in the choroid plexus of the lateral ventricle). The AOIVM's below the tentorium were located in the cerebellar hemisphere or the pons, or at both sites. One AOIVM extended to the leptomeninges of the cerebellopontine angle cistern.
Clinical Manifestation
A clinical diagnosis of brain tumor was initially made in 11 patients with supratentorial AOIVM's (Cases 1 to 11), none of whom showed recognizable intracranial hemorrhage on CT scans. Eight of these patients (Cases 1 to 8) presented with epilepsy, either focal or generalized; two of them (Cases 2 and 7) developed postictal neurological deficits (dysphasia and hemiparesis) lasting for several days. Another patient (Case 3) developed a progressive lower-extremity monoparesis during the last month before admission. Two patients (Cases 9 and 10) presented with progressive contralateral hemiparesis and one (Case 11) with headache, amenorrhea, and hypersomnia.
Five patients with supratentorial angiomas (Cases 12 to 16) and three with pontocerebellar angiomas (Cases 17 to 19) presented with ictal syndromes suggestive of acute intracranial hemorrhage. All of these patients except one (Case 16) had repeated ictal episodes for variable periods of time before the causative lesion was identified and removed. A C T scan revealed substantial intracranial hemorrhage in all of these patients, five of whom underwent hematoma evacuation with an altered leveI of consciousness secondary to the mass effect caused by the clot. The only patient who was not operated on in spite of the strong suspicion that he was harboring an intraventricular vascular malformation (Case 15) was found at necropsy to have a bilateral arteriovenous malformation involving the choroid plexus of the lateral ventricle.
The two final patients (Cases 20 and 21) had lesions in the pons. These patients presented waxing and waning symptoms of brain-stem dysfunction and were diagnosed as having vertebrobasilar insufficiency and multiple sclerosis, respectively. After several years, they developed meningismus with bloody cerebrospinal fluid (CSF) which led to the identification of focal hemorrhage by CT and surgical exploration.
Radiological Findings
Cerebral Angiography. showing a large hyperdense thalamic lesion with marked contrast enhancement. This young woman underwent cerebrospinal fluid shunting (because of biventricular hydrocephalus) and then stereotaxic biopsy. The diagnosis was a thrombosed vascular malformation. The CT appearance of the lesion did not change throughout the next 9 years except for a discrete enlargement. Radical excision was attempted but profuse bleeding prevented complete removal. Areas of cavernous angioma and arteriovenous malformation were seen in the surgical specimen. lesion collapsing the right cerebellopontine angle cistern was seen on the initial CT scan, but surgical exploration was not undertaken until several months later when new ictal symptoms occurred and a local hemorrhage was appreciated in the nonenhanced CT scan. In Case 16 the angioma represented an unexpected finding in a patient undergoing evacuation of a spontaneous infratemporal hematoma.
All except one of the AOIVM's that were directly visualized by CT were hyperdense (either mottled, homogeneous, or ring-shaped) in the nonenhanced study; the exception was Case 6, in which the lesion was isodense with the brain. Sixty-three percent of the AOIVM's directly visualized by the nonenhanced CT scan and the one lesion that was isodense with the brain showed slight enhancement in the CT study obtained after administration of contrast material. There was marked enhancement only in Case 8. Mass effect caused by the AOIVM itself was observed in only two patients who had secondary hydrocephalus (Cases 8 and 11). Surrounding edema was noted in cases with gross hematomas.
Operative Findings
Three patients with AOIVM's located in the caudate nucleus, the thalamus, and the third ventricle, respectively, underwent stereotaxic biopsy with the presumptive diagnosis of low-grade glioma; the final diagnosis in each case was vascular malformation. Complete removal of the lesion was accomplished in 18 patients and subtotal resection was performed in three. In Case 8 brisk bleeding precluded complete surgical excision; in Cases t9 and 21 the lesion was thought to be completely removed, but a control CT scan showed residual hyperdense areas in the pons. In Cases 1 to 8, 11, and 14 (without hematoma formation) the AOIVM appeared as a greenish-yellow or dark-blue lesion surrounded by a hemosiderin-pigmented white substance. The core of the lesion appeared either as a firm fibrotic nodule (Cases I, 2, and 14) or as a mass shaped like a mulberry or a bunch of grapes. No major arteries were seen entering the malformations and the lesions were relatively avascular except in Case 8. In cases with hematoma formation an abnormal vascular meshwork FIG. 2. Computerized tomography (CT) scans of patients with repeated episodes of clinically recognizable intracranial bleeding. A: Case 13. This gift was rendered comatose by a right temporal spontaneous hemorrhage into the ventricular system. Cerebral angiography showed only local mass effect. The patient recovered completely and was asymptomatic until 2 years later, when she presented with an identical clinical picture and CT scan. A thrombosed angioma, which did not appear on repeat cerebral angiography, was removed from the periventricular (temporal horn) white matter. B: Scan obtained after infusion of contrast medium in Case 12. A doublecontour lesion with surrounding edema is demonstrated. This patient had two separate episodes of parenchymal bleeding in 2 weeks. C and D: Scans performed before (C) and after (D) contrast enhancement in Case 14 showing a serpentine enhancing frontobasal lesion. This anomaly had produced three episodes suggestive of intracranial aneurysm rupture in a 14-year interval. The last episode of subarachnoid hemorrhage occurred after the advent of the CT scanner, making possible a definitive diagnosis and operation. E and F: Case 15. This boy was admitted in coma after he had experienced a sudden headache; the admission CT scan showed hemorrhage into the lateral ventricles (shown in E) plus the third and the fourth ventricles. Cerebral angiography was normal. The control postcontrast enhancement CT scan performed 1 year later when the patient was asymptomatic (F) showed no abnormalities in the choroid plexus of the lateral ventricles. One year later the patient developed massive intraventricular hemorrhage and died. Bilateral arteriovenous malformations involving the choroid plexus of the lateral ventricles were found at necropsy. The fatal hemorrhage arose from the angioma on the right side.
or a small tangle of vessels intermingled with the clot or in the hematoma bed. Magnification by the operative microscope was a great help in identifying the angioma in some cases.
Pathological Examination
Histological diagnosis, using hematoxylin and eosin, elastica van Gieson, and Masson staining techniques included arteriovenous malformation in eight cases, venous angioma in seven cases, cavernous angioma in one case, and capillary telangiectasia in one case; this 
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last is the second case of telangiectasia studied with CT, 1~ and the third manifesting during life without producing macroscopic bleeding 3~ that has been reported in the literature. In the remaining four cases a mixed pathology was seen; in Cases 2 and 8 areas of arteriovenous and cavernous angioma were found and in Case I the lesion showed areas of arteriovenous malformation, cavernous angioma, and telangiectasia. Recent hemorrhage was noted in 11 cases (52%), old hemorrhage in 19 (90.4%), thrombosis in 18 (85%), loss of neurons in nine (42.8%), gliosis in 18 (85%), and calcification in 10 (47.6%). The histological type of the lesion did not correlate with the form of clinical presentation.
Outcome
Stereotaxic biopsy and conventional surgical removal of the lesions were well tolerated in all 20 cases. Ten patients (47.5%) were completely asymptomatic. Six patients who exhibited hemiparesis and five who presented with brain-stem or cerebellar signs before the operation showed residual neurological deficits. The patient operated on through a transcallosal route for a venous angioma of the third ventricle (Case 11) developed a short-term memory defect and slowed mental processes, which are still noticeable 8 months after surgery.
Review of the Literature

Epidemiological Aspects
Angiographically occult intracranial vascular malformations represent 1.9% to 25% of intracranial vascular malformations other than saccular aneurysms in different series. ~7' 23 Only four patients (1.5%) had a family history of intracranial vascular malformations, 11.33 and
FIG. 4. Computerized tomography (CT) scans in Case 19
. Because of a subacute deterioration in the level of consciousness, this young woman with negative cerebral angiography underwent evacuation of the intrapontine hematoma (A). Abnormal vessels were not seen in the hematoma bed. The patient recovered except for a residual left facial paresis, and control CT scans pre-and postcontrast infusion were normal (B). Left dysmetria, fifth and sixth nerve paresis, and truncal ataxia suddenly developed 11 months later, and a control CT scan disclosed a hyperdense, slightly enhancing lesion in the pons (C). At surgery, abnormal vessels intermingled with organized clots were removed. Although postoperative enhanced CT scans do not demonstrate a lesion (D), the patient has suffered recurrent episodes of transient diplopia. Patients of all ages were affected, but a peak symptomatic incidence occurred in the second and third decades of life. The average age of presentation was 31.9 years and the male:female ratio was 117:128, indicating that there is no prevalence for either sex. As shown in Table 2 , there is no preference of any pathological type for either sex or for any given age group.
Location and Macroscopic Features
The anatomical location of AOIVM's is summarized in Table 3 : 87% of the lesions were located supratentorially (mostly at the corticosubcortical level without hemispheric prevalence) with the remainder below the tentorium. There was a correlation between the volume of brain tissue in a given anatomical area and the prevalence of AOIVM's, with the highest frequency in the middle cerebral artery territory. The most frequent infratentorial location was in the pons. As may be appreciated in Table 3 , there was no preference of any pathological type for a given anatomical location.
The size and other relevant macroscopic features of AOIVM's are presented in Table 4 . The diameter of the lesion was greater than 2 cm in 52% of the cases, indicating that the term "AOIVM" should not be identified with, and is not equivalent to, microangioma 32 ally seen. None of the above macroscopic characteristics was exclusive or even typical of any of the four pathological types, indicating that macroscopic data do not help to establish the histological diagnosis.
Histological Findings
Apart from the existence of a predominant type of abnormal vessel which allowed classification of threefourths of AOIVM's into one of the four pathological types, 5'61'62'68'87 virtually all the lesions shared the histological features shown in Table 5 . Extravasated red blood cells (a sign of recent hemorrhage), hemosiderinladen macrophages (a sign of old hemorrhage), thrombosed malformed vessels, gliosis, calcification, and fibrosis were seen in variable proportions in all pathological types. Whereas thrombosis was associated with recent or old hemorrhage, the presence of gliosis, cal- * AOIVM = angiographically occult intracranial vascular malformation; AVM = arteriovenous malformation; --= no cases or data available.
cification, and fibrosis was more frequent in lesions showing signs of old microhemorrhage, suggesting that these changes were secondary to previous bleeding of the malformation. All but one of the surgical specimens in our series of 21 cases exhibited perivascular inflammatory cells; necrotic areas with fragments of vessel walls were appreciated in 10 cases (47.6%) and neuronal loss in the brain tissue surrounding the malformation in 11 (52.3%). Table 6 shows the main nonspecific clinical symptoms caused by the different types of AOIVM. These lesions manifested themselves by producing intraparenchymal or subarachnoid hemorrhage and/or by causing focal mass effect. Headaches and an altered level of consciousness were usually due to macroscopic bleeding, but occasionally they were secondary to obstruction of the CSF pathways by the lesion. Neurological symp- * AOIVM = angiographically occult intracranial vascular malformation; AVM = arteriovenous malformation; --= no cases or data available. ~" Percentages listed under "macroscopic findings" refer to all 262 cases, whereas those under "AOIVM appearance" and "AOIVM size" relate to the subtotals. Altered brain electrical activity may be due to interstitial deposition of hemosiderin which was epileptogenic or to the formation of cortical scars with neuronal loss, diminished dendritic spines, calcification, and gliosis. 2~176 An alternative epileptogenic mechanism in patients with fresh hemorrhage was deafferentation of the overlying cortical neurons. 4s
Clinical Features and Physiopathology
The following mechanisms have been considered responsible for the partial or complete thrombosis of AOIVM: arteriosclerosis, 77 embolism, 53 hemorrhage with secondary vascular compression, 22"29 slow blood flow, ~~176 intravascular turbulency due to the tortuosity of the vessels, 27 and hypercoagulability. 96 Organization and fibrosis following repeated microhemorrhage may account for the progressive growth of AOIVM's observed in a few previous cases 7'74'87 and in our Case 8.
If the clinical presentation of an AOIVM was nonspecific and polymorphous, the time course was also variable and might be acute, subacute, or chronic, with or without recurrences ( Table 7) . Acute presentation was usually linked to macroscopic bleeding. A subacute course simulating that of a brain tumor was often associated with macroscopic recent bleeding in areas also showing signs of old microhemorrhage. In patients with a chronic course similar to that of either a brain 5  6  21  26  42  51  47  57  venous angiomas  10  38  5  19  2  8  2  8  15  58  21  81  telangiectasia  8  80  ------4  40  8  80  unclassified angiomas  16  55  4  14  3  10  3  10  17  59  16  55  pathological features  brain hematoma  74  63  28  72  20  77  15  48  38  29  97  69  subarachnoid  30  26  12  31  5  19  6  19  8  6 tumor or cerebrovascular insufficiency, the pathological substrate usually consisted of changes associated with ancient hemorrhage. A recurrent course may lead to the diagnosis of multiple sclerosis, particularly when the AOIVM's are located in the ports, 135'98 as occurred in one of our patients (Case 21).
Diagnosis
Electroencephalography, CSF examination, skull xray films, radionuclide brain imaging, pneumoventriculography, and cerebral angiography yielded normal or inconclusive results. The most sensitive and useful diagnosis method was the CT scan.
Skull x-ray films showed intracranial calcification in approximately 10% of patients with AOIVM's; 8,9 '29,33,39' 41-44,46,48,50,69.74,86,94,96,109 signs of increased intracranial pressure were appreciated in a few cases. 4'33'37'54'79'80 Radionuclide brain imaging showed increased isotope uptake in 57% of cases, which may be due to isotope accumulation within the abnormal vessels or its extravasation due to the disruption of the blood-brain barrier. 34 Cerebral angiography was completely normal in 38% of the patients and disclosed an avascular mass in 62% of those in whom a brain hematoma, a cyst, or the AOIVM itself caused a focal mass effect. The lack of angiographic identification may be due to the existence of one or more of the following features: 1) a lesion size below the resolution capacity of angiography; 9'23'58'72'1~176 2) compression of the vessels' lumen by a hematoma; ~~176176
3) destruction of the abnormal vessels by macroscopic bleeding; 1~176176 4) spontaneous thrombosis, 27"53'77'96 5) thrombosis secondary to gross hemorrhage; 7'9'18'21 '29'34'42'43'51'55'56'58'74'80'88'109 6) partial thrombosis with sluggish circulation through the remaining patent vessels; 9'49'5~ 7) posthemorrhagic vascular spasm; 54'1~ 8) location of the lesion in the boundaries of the territories irrigated by different cerebral arteries, 14'43'46'5~176 9) dilution of the contrast medium in the enlarged cavernous vascular spaces of the malformation; 14'33'79'8~ and 10) defective angiographic techniques? 2"7z In our personal series of 21 cases, only 10% of the AOIVM's had a diameter less than 0.5 cm; recent hemorrhage occurred in 45%, thrombosis of the abnormal vessels in 75%, and location in vascular boundary areas in 25%.
The CT scan may visualize the AOIVM itself and/or the secondary changes induced in the surrounding tissue such as blood deposits (extravasated blood of different ages), edem a, atrophy, and calcification 49,50,55,100,101, I 11,118 Of the total 262 patients reviewed, 189 (72%) had nonenhanced CT scans and 145 (55%) had contrast-enhanced CT studies ( Table 8 ). The AOIVM's appeared hyperdense on the nonenhanced CT scans in 95% of cases and hypodense in 3%; they were not visualized in 2% of cases. Hyperdense lesions were described as diffusely homogeneous in 31% of cases and as patchy, mottled, or serpentine (areas with different attenuation values) in 52%; the appearance was not detailed in 12%. The nonenhanced CT scan identified hematoma formation in 48% of cases, calcification in 24%, edema in 19%, and signs of focal atrophy (widening of the cortical sulci or dilatation of the ipsilateral cerebral ventricle) in 6%.
Following intravenous injection of contrast medium, the lesion enhanced on CT scanning in 74% of cases; the enhancement was usually discrete (Table 8) . Contrast enhancement occurred in 79% of the AOIVM's with mottled appearance and in 55% of those showing homogeneous hyperdensity on nonenhanced CT. In the few cases in which the nonenhanced CT scans were normal, the lesion was visualized in the postcontrast study, as occurred in our Case 6. The CT pattern and the degree of enhancement did not correlate with the pathological type of AOIVM (Table 8) . Analysis of the correlation between the appearance of the AOIVM in the nonenhanced CT scan, the micro-and macroscopic features, and the clinical course indicate that lesions with a mottled appearance usually show calcification, thrombosis, and hemosiderin deposits at pathological examination, and produce a chronic syndrome. Those AOIVM's with a homogeneous hyperdense CT appearance usually show fresh intraparenchymal hemorrhage at pathological examination and produce acute symptoms. The AOIVM's of mottled appearance showing calcification may be indistinguishable from a low-grade glioma, meningioma, or granuloma; magnetic resonance imaging may help to make a differential diagnosis by detecting the presence of hemosiderin. 6'35'52
Treatment
The natural course of AOIVM's and the actual risk of massive hemorrhage in the individual patient are still obscure. However, taking into account their tendency to cause recurrent hemorrhage (80% of the AOIVM's in our series produced some type of bleeding and 58% showed signs of old hemorrhage), it seems that every AOIVM with clinical symptoms should be resected whatever its location. All of our patients with brain-stem or cerebellar AOIVM's had repeated episodes of bleeding, and some developed permanent disability after being managed conservatively at other clinics. A very difficult problem was posed by patients presenting with repeated episodes of primary intraventricular hemorrhage, 10,13,36,43,6~176 as in one of our patients (Case 15) in whom the CT findings were not clear enough to indicate the need for surgical intervention. The surgical microscope helped to demonstate hemosiderin-pigmented tissue near deep-seated lesions,2,.~ ~2 and to identify abnormal vasculature in the hematoma bed in patients presenting with spontaneous intraparenchymal hematoma.~2,s 1,84 Once the lesion was visualized, removal was usually easy because of its relatively avascular nature. Conservative management may be proposed for high-risk elderly patients and for patients with AOIVM's located deep in the brain and without clinically recognizable hemorrhage.
Outcome
The outcome of patients operated on for AOIVM's was usually good. Table 9 reflects the final result as related to the pathological type, the location of the lesion, and the presence of brain hematoma. Following surgical treatment, 52% of the patients were free of deficit, 30% presented moderate disability, and only 6% developed severe disability. However, it should be noted that 79% of the patients with moderate disability and all of those who became severely disabled had exhibited preoperative neurological deficits. Surgical mortality was 3 %,4'19'46'51'57'74'81 while at least 13 patients (6%) managed conservatively died because of spontaneous bleeding of the lesion, l |, 33,60,64,65,74,83,97,103.109.114,117 Surgical mortality and morbidity were slightly higher with AOIVM's located deep in the cerebral hemisphere or the brain stem. The pathological type of AOIVM did not influence the final outcome.
Comment
Angiographically occult intracranial vascular malformations are commonly formed by a mixture of different malformed vascular components of arterial, venous, cavernous, and capillary types. The predominant type of abnormal vessel seems to be less important in determining the biological activity of the anomaly than are the histological features that are common to almost all AOIVM's, such as the small caliber, the more or less extensive thrombosis of the involved vascular channels, and the changes induced in the adjacent nervous tissue by repeated microhemorrhage (hemosiderin deposition and gliosis). Since the clinical and radiological expression and the prognosis of AOIVM's seem to be unrelated to the predominant type of vessel composing the malformation, the classical distinction between arteriovenous, venous, cavernous, and capillary angioma appears of little practical value. Most AOIVM's are directly or indirectly demonstrated by CT scanning and those visualized directly show a rather typical appearance. However, the differential diagnosis between an AOIVM, a low-grade glioma, and other rare lesions may be difficult, and may only be solved by stereotaxic or surgical biopsy. Surgical removal is easy to perform, prevents rebleeding, and ameliorates or suppresses seizure activity. It is the treatment of choice for patients with AOIVM's manifesting with clinical symptoms.
